Introduction
Transmission lines are the life blood of the power delivery. When a fault is detected, the protective relay must respond quickly to isolate the faulted line to preserve the stability of the rest of the system. Accurate estimates of the fault location are desirable for inspection, maintenance, and repair of the actual fault. Thus, the protective relaying and fault location of transmission lines are very important subjects [1] . The fault diagnosis in power systems includes the detection of the time origin of failures with the identification and location of the event that occurred in these systems. The restoration of faulty equipment must take place in a fast and efficient way, stimulating the research in fault diagnosis systems [2] . In Electrical Power System (EPS) there are some power swings in which currents and voltages waveforms behave as a fault and can result in mis-operation of distance relays [3] . Various signal processing techniques such as wavelet transform (WT), neural networks, Fuzzy logic etc. have been widely used for the detection and classification of the power system faults [4] . In the context of fault diagnosis in electric power systems, a detailed survey to review the intelligent systems application to fault diagnosis in electric power system transmission lines has been reported in [5] .
A novel approach for detecting, classifying and locating short-circuit faults in power transmission lines has been reported in [6] . Based on the proposed approach, a hybrid framework consisting of a proposed two stage finite impulse response (FIR) filter, four support vector machines (SVMs), and eleven support vector regressions (SVRs) is implemented in Proteus 6/MATLAB environments. A low cost, fast and reliable microcontroller based protection scheme using wavelet transform and artificial neural network has been proposed by the authors in [7] and its effectiveness has been evaluated in real time. Shaik et al. [8] , presented the application of wavelet transforms for the detection, classification and location of faults on transmission lines. In the proposed methodology a Global Positioning System clock has been utilized to synchronize sampling of voltage and current signals at both the ends of the transmission line. The detail coefficients of current signals of both the ends are utilized to calculate fault indices.This paper presents the detection of power system faults such as Line to ground fault (LG), double line fault (LL), double line to ground fault (LLG) and three-phase fault (LLLG) in the presence of resistive-inductive load. The Stockwell's transform has been utilized for the detection of the above mentioned power system faults. The proposed study has been carried out in the MATLAB/Simulink environment.
II. Proposed Test System
The single line diagram of test system used for proposed study related to the detection of faults in the presence of resistive-inductive loads is shown in Fig. 1 . The conventional generator Gen is connected to the network through the transformer (Trafo-1). The generator generates the power at 120 kV voltage level. The fundamental frequency is taken as 60 Hz. The transmission line TRL is connected in network between the buses B1 and B2 as shown in the test system. The transformer Trafo-1 steps down the voltage level from 120 kV to 25 kV. The positive and zero sequence impedances of transmission lines are (0.1153+j0.3958) /km and 
III. Proposed Algorithm
The test system is simulated in MATLAB/Simulink environment with resistive-inductive load. The detection of various types of power system faults such as LG, LL, LLG and LLLG on transmission line has been investigated. The study has been carried out with resistive-inductive load using the test system shown in Fig. 1 . Bus B-1 is selected as the test point and voltage and current signals are captured at this bus. The results have been plotted for 12 cycles. The faults have been initiated at the end of 6 th cycle on the bus B-2 of the test system. The captured voltage and current signals have been decomposed using the Stockwell's transform with a sampling frequency of 3.2 kHz and S-matrix is obtained. The S-contour and variance curve obtained from the Smatrix are plotted for each power system fault. These plots are analyzed to detect and discriminate the various types of power system faults.
IV. Simulation Results and Discussion
This section presents the simulation results related to the detection of power system faults such as Line to ground fault (LG), double line fault (LL), double line to ground fault (LLG) and three-phase fault (LLLG) in the presence of resistive-inductive load using Stockwell Transform.
Line to Ground Fault
The line to ground fault on phase-A has been simulated on the bus B2 of the test system shown in Fig.  1 at 6 th cycle from the start of the simulation. The S-transform based decomposition of the voltage and current for all the three phases is carried out and S-matrix is obtained for each data set of the voltage and currents.
The voltage signal of phase-A, S-contour for the voltage of phase-A and variance curve obtained from S-matrix for the voltage of phase-A are shown in Figs. 2 (a) , (b), and (c) respectively. It can be observed from the S-contour shown in the Fig. 2 (b) that the high frequency isolated contour is observed which helps in the detection of the line to ground fault on the bus B2 of the test system. From the Fig. 2 (c) it has been observed that the sharp peak appears in the variance curve of the voltage at the time of occurrence of fault which helps in the detection of the fault on the power system network. Magnitude of the variance curve decreases after fault. The plots have also been investigated for the standard deviation obtained from the S-matrix and compared with the respective plot of the variance. It has been observed that the variance plot is more effective as compared to the standard deviation plot. Hence, we have utilized the variance plot. Fig. 3 (c) it has been observed that the sharp peak also appears in the variance curve of the voltage of phase-B at the time of occurrence of the fault on the phase-A which helps in the detection of the fault on the power system network. However, the magnitude of the peak is very less as compared to corresponding peak for the faulty phase which helps in distinguising the healthy phase from the faulty phase. The magnitude of variance curve increases after faulty event. The S-transform based decomposition of the current in the phase-A during the LG fault on the phase-A has been carried out and S-matrix is obtained. The current of phase-A, S-contour for the current in the phase-A and variance curve obtained from S-matrix for the current in the phase-A are shown in Figs. 4 (a), (b), and (c) respectively. It can be observed from the S-contour shown in the Fig. 4 (b) that the high frequency isolated contour is not detected in the phase-A current whereas the magnitude of the current is high during the post fault time duration as compared to the pre-fault current. From the Fig. 4 (c) it has been observed that the magnitude of the variance curve also increases after the faulty event indicating the increase in the current during the post fault event. However, the sharp peak does not appears in the variance of the current in phase-A. Hence, the Stransform based decomposition of the current only indicates the related magnitude of the current before and after the fault event. ) that the high frequency isolated contour is not detected in the phase-B current whereas the magnitude of the current is high during the post fault time duration as compared to the pre-fault current. From the Fig. 5 (c) it has been observed that the magnitude of the variance curve also increases after the faulty event. However, the sharp peak does not appears in the variance of the current in phase-A. Hence, the S-transform based decomposition of the current only indicates the related magnitude of the current before and after the faulty event. 
Double Line Fault
The double line or line to line (LL) fault has been simulated on bus B2 of the test system shown in Fig.1 at 6 th cycle from the start of the simulation by short circuiting the phases A & B. The S-transform based decomposition of the voltage and current for all the three phases is carried out and S-matrix is obtained for each data set of the voltage and currents. The voltage signal of phase-A, S-contour for the voltage of phase-A and variance obtained from S-matrix for the voltage of phase-A during LL fault are shown in Figs. 6 (a), (b) , and (c) respectively. It can be observed from the S-contour shown in the Fig. 6 (b) that an abrupt change is observed in the contour which helps in the detection of the line to ground fault on the bus B2 of the test system. From the Fig. 6 (c) it has been observed that the abrupt small magnitude sharp depression appears in the variance of the voltage at the time of occurrence of the fault which helps in the detection of the fault on the power system network. The S-transform based decomposition of the current in the phase-A during the LL fault on the phases-A & B has been carried out and S-matrix is obtained. The current of phase-A, S-contour for the current in the phase-A and variance obtained from S-matrix for the current in the phase-A are shown in Figs. 8 (a), (b) , and (c) respectively. It can be observed from the S-contour shown in the Fig. 8 (b) that the magnitude of the S-contour increases suddenly at the time of the ocurrence of the fault. From the Fig. 8 (c) it has been observed that the magnitude of the variance curve also increases after the faulty event. The S-transform based decomposition of the current in the phase-C during the LL fault on the phases-A & B has been carried out and S-matrix is obtained. The current of phase-C, S-contour for the current in the phase-C and variance obtained from S-matrix for the current in the phase-C are shown in Figs. 9 (a), (b) , and (c) respectively. It can be observed from the S-contour shown in the Fig. 9 (b) that the magnitude of the S-contour remains constant. From the Fig. 9 (c) it has been observed that the magnitude of the variance curve also remains constant during the faulty event. Fig. 10 (b) that an isolated contour appears in the S-contour which helps in the detection of the LLG fault on the bus B2 of the test system. The area covered by this contour is large as compared to the area covered by the similar contour with the LG fault. From the Fig. 10 (c) it has been observed that the high magnitude sharp peak appears in the variance of the voltage at the time of occurrence of the fault which helps in the detection of the fault on the power system network. The voltage signal of phase-C, S-contour for the voltage of phase-C and variance obtained from Smatrix for the voltage of phase-C during LLG fault on the phases A&B are shown in Figs. 11 (a), (b) , and (c) respectively. It can be observed from the S-contour shown in the Fig. 11 (b) that an isolated contour appears in the S-contour which helps in the detection of the LLG fault on the bus B2 of the test system. The area covered by this contour is large as compared to the area covered by the corresponding contour of the healthy phase with the LLG fault. However, the area of this contour is less as compared to the respective curve of the faulty phase. From the Fig. 11 (c) it has been observed that the high magnitude sharp peak appears in the variance of the voltage at the time of occurrence of the fault which helps in the detection of the fault on the power system network. The S-transform based decomposition of the current in the phase-A during the LLG fault on the phases-A & B has been carried out and S-matrix is obtained. The current of phase-A, S-contour for the current in the phase-A and variance obtained from S-matrix for the current in the phase-A are shown in Figs. 12 (a), (b) , and (c) respectively. It can be observed from the S-contour shown in the Fig. 12 (b) that the magnitude of the Scontour increases suddenly at the time of the ocurrence of the fault. From the Fig. 12 (c) it has been observed that the magnitude of the variance curve also increases after the faulty event.
Fig12: S-transform based plots for the current in the phase-A during double line to ground fault on phases-A &B (a) current waveform of phase-A (b) S-contour and (c) variance plot.
The S-transform based decomposition of the current in the phase-C during the LLG fault on the phases-A & B has been carried out and S-matrix is obtained. The current of phase-C, S-contour for the current in the phase-C and variance obtained from S-matrix for the current in the phase-C are shown in Figs. 13 (a), (b) , and (c) respectively. It can be observed from the S-contour shown in the Fig. 13 (b) that the magnitude of the Scontour increases suddenly at the time of the ocurrence of the fault and then becomes again constant. The difference in the magnitude of the pre-fault and post-fault event is small. The change in the form of bump at the time of fault helps the detection of fault and discrimination of the faulty and healthy phases. From the Fig. 13 (c) it has been observed that the magnitude of the variance curve also increases after the faulty event. 
Three-Phase Fault Involving Ground
The three-phase fault involving ground (LLLG) has been simulated on bus B2 of the test system shown in Fig. 1 at 6 th cycle from the start of the simulation by connecting all the three phases to ground. The Stransform based decomposition of the voltage and current for all the three phases is carried out and S-matrix is obtained for each data set of the voltage and currents.
The voltage signal of phase-A, S-contour for the voltage of phase-A and variance obtained from Smatrix for the voltage of phase-A during LLLG fault are shown in Figs. 14 (a), (b) , and (c) respectively. It can be observed from the S-contour shown in the Fig. 14 (b) that voltage magnitude decreases with a small bump which helps in the detection of the LLLG fault on the bus B2 of the test system. From the Fig. 14 (c) it has been observed that the high magnitude sharp peak appears in the variance of the voltage at the time of occurrence of the fault which helps in the detection of the fault on the power system network. The rising slope of the peak is very high as compared to the other types of the faults. The abrupt changes in the S-contour of the current and relative magnitude of S-contour and variance curve of the current during the pre-fault and post fault conditions will help in the detection and discrimination of the various types of faults as well as the faulty and healthy phases.
